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[1] The albedo of marine stratocumuli depends upon cloud liquid water content, droplet
effective radius (re), and how these parameters vary with height. Using satellite data
and shipborne data from the East Pacific Investigation of Climate (EPIC) Stratocumulus
Study, this study investigates the cloud re vertical variation for drizzling and nondrizzling
clouds. Visible/near-infrared retrievals from the NASA Moderate Resolution Imaging
Spectroradiometer (MODIS) are used to estimate the vertical profile of re. MODIS re
observations and collocated shipborne scanning C-band precipitation radar data show that
re generally increases with height in nondrizzling clouds, consistent with aircraft
observations. It is found that in clouds with precipitation rates greater than a few
hundredths of a mm h�1 the vertical gradient of re is significantly less than that in
nondrizzling clouds and can become negative when the drizzle is heavier than
approximately 0.1 mm h�1. High values of re at drizzling cloud base are consistent with
estimates of the ratio of liquid water in the drizzle drops to that in the cloud droplets.
C-band derived cloud base precipitation rates are found to be better correlated with re at
cloud base than with re at cloud top, suggesting that passive remote sensing may be useful
for drizzle detection.
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1. Introduction

[2] Low-level stratiform liquid water clouds have a sig-
nificant influence on the Earth’s climate due to their strong
shortwave radiative forcing [Greenwald et al., 1995]. Such
clouds cover large regions of the Earth’s oceans [Klein and
Hartmann, 1993]. The shortwave optical depth of liquid
water clouds depends upon both the bulk condensate
amount and the size of the cloud drops. Dependence on
the latter is conveniently expressed as an effective radius
which is the ratio of the third to second moments of the
cloud droplet size distribution.
[3] The vertical variation of cloud droplet effective radius

(re) is an important cloud property which reflects both
condensation and coalescence growth. There are different
ways to obtain information on the vertical profile of cloud
re, including in situ aircraft measurements [e.g., Martin et
al., 1994;Wood, 2000;Miles et al., 2000] and new retrievals
from satellite measurements of solar reflectance [Chang and

Li, 2002]. The aircraft measurements in low clouds show
that re generally increases with height for nondrizzling
clouds [Martin et al., 1994; Miles et al., 2000; Wood,
2000] but that drizzle drops start to increase the effective
radius significantly if the liquid water content of drizzle
drops is above 5–10% of the liquid water content of small
cloud droplets [Wood, 2000]. These drizzle droplets thus
reduce the vertical gradient and even lead to re decreasing
with height because drizzle drops tend to increase in size
toward the base of the cloud [Wood, 2005a]. However, only
limited work has been carried out to examine the vertical
profile of effective radius in drizzling low clouds. Drizzle
commonly occurs in marine low clouds and its effects upon
cloud optical properties are very poorly understood
[Albrecht, 1989; Wood, 2005a; Comstock et al., 2004;
VanZanten et al., 2005].
[4] Satellite observation is the only practical way to infer

cloud re globally. Solar reflectance measurements from a
visible channel and a near infrared (NIR) channel are widely
used to estimate cloud optical depth and cloud top re
[Nakajima and King, 1990; Han et al., 1994]. Using radar
and a solar/infrared radiometer on board the Tropical
Rainfall Measuring Mission (TRMM), Kobayashi [2007]
found that cloud re of precipitating clouds is obviously
larger than that for nonprecipitating clouds. In previous
studies, cloud re retrievals have used three NIR channels,
which have wavelengths of l = 1.6 mm, 2.1 mm, and 3.7 mm
[King et al., 2003]. Because clouds absorption is different at
the three wavelengths, the NIR channels have different
reflectance weighting functions from cloud top to cloud
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